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50405309 : MAJOR : ENGINEERING MANAGEMENT

KEY WORDS : ASSESSMENT / CARBON DIOXIDE / EMISSION / SYNTHETICS FIBER
WICHAI POSREE : THE ASSESSMENT OF CARBON DIOXIDE EMISSION : FIBER

EXTRUSION PLANT. THESIS ADVISOR : NITIPONG SOPONPONGPIPAT, Ph.D.. 127 pp.

The research shows the assessment of Carbon dioxide emission from the
process of synthetics fiber extrusion which used for carpet industrial in four kind of plastics
fibers, Polyethylene Terephthalate (PET) staple fiber, Polypropylene (PP) staple fiber,
Polypropylene (PP) filament fiber and Nylon (PA) filament fiber. The research was done by
evaluate the amount of CO, emission of the conventional processes. The reducible potential
of CO, emission by means of alternative material selection and process improvement was
also studied.

The evaluation result shows relationship between the amount of synthetic fiber
production, carbon dioxide emission and the reducible potential of carbon dioxide emission by
improving energy efficiency in production processes and the use of renewable materials. The
research found that the synthetic fiber production plant emits carbon dioxide 12,472,359
KgCOy/year which come from materials section 6,650,537 KgCO,/year and Energy section
5,821,817 KgCO.,l/year. If determined by the type of fiber, nylon filament fiber is the most
carbon dioxide emit 4,623,553 kg KgCO.,/year, followed by Polypropylene staple fiber
3,192,127 kg KgCO,/year, polyester staple fiber 2,542,081 KgCO.,/year , and Polypropylene
filament fiber 2,114,593 KgCO.,/year respectively. The research found potential to reduce the
carbon dioxide emission up to 7.185,196 KgCO,/year, representing 56.7% of the total
emission. These come from the potential to use recycled materials by changing the type of
new synthesis plastic with replaced with recycled plastic will reduce carbon dioxide emit
6,634,504 KgCO,/year. Materials potential by use polyester raw material from Australia which
has low emission per unit than Europe source will reduce 175,053 KgCO./year. Potential
energy sources by changing the fuel type of steam boiler fro fuel oil to biomass fuel such as
chaff, wood or charcoal will reduce to 2,526,292 KgCO./year. And the last, reduction of loss
energy by installing thermal insulation at plastic extrusion machine will reduce an additional
80,329 KgCO,lyear.

Department of Industrial Engineering and Management Graduate School, Silpakorn University Academic Year 2009
Student's signature ...........cccccois
Thesis Advisor's signhature ...........cccccceeiiiiiiiiiiiiinnen.
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Wae T Tlihdeda Tus uiaz NNLAAL
NILUIUNIT NITUIU
Wan
(kWh) | (HP) | (M)
Chiller auianatadn | 25 2 50 37.02 | 180.00 | 8.70 16.34
Chip tank 0 1 0 000 | 000 |0.00
Chip Crystallizers 34.5 1 345 4625 | 12420 | 6.00
Dehumidifying Dryer 3 1 3 402 | 1080 | 052
Chip Dryer No.1 35 1 3.5 469 | 12.60 | 0.61
Chip Dryer No.2 2.9 1 2.9 380 | 1044 | 050
Auto Loader No.1 Adaazna 0.8 1 0.8 1.07 2.88 0.14 0.97
Auto Loader No.2 iananadn 1.8 1 1.8 241 | 648 | 031
Auto Loader No.3 3 1 3 4.02 10.80 0.52
Dosing Unit Vasumaula | 2 1 2 268 | 720 | 035 4226
Extruder wanaan 2315 1 2315 | 310.32 | 833.40 | 40.27
AHU 5 1 5 670 | 18.00 | 0.87
Spinning Pump 4.4 1 4.4 5.90 15.84 0.77
Quenching Chamber éldi‘uﬂ1WLﬁa’ullW3J 4.4 1 4.4 5.90 15.84 0.77 0.77
Spin Finish Oil No.1 mdowniondu | 13 1 1.8 241 | 648 | 031 031
T
Godet No.1 tadu Ty 59 1 5.9 791 | 2124 | 1.03 15.33
Godet No.2 9.8 1 9.8 13.14 | 3528 | 1.70
Water Tank 21.3 1 213 2855 | 76.68 | 3.71
Godet No.3 28.3 1 283 37.94 | 101.88 | 4.92
Godet No.4 23 1 223 2989 | 8028 | 3.88
Conditioning Oven 0.5 1 0.5 0.67 1.80 0.09
Crimper fudulnuld | 178 1 17.8 2386 | 64.08 | 3.10 3.10
wéin
Hot Oil auidu lnu 71 1 71 95.17 | 255.60 | 12.35 15.14
Spin Finish Oil No.2 2.5 1 2.5 335 | 9.00 | 043
Crimp set Oven 13.5 1 13.5 18.10 | 48.60 | 2.35
Tension Roller dadulvuld | 33 1 33 442 | 1188 | 057 430
Cutter Drum 1A 21.04 1 214 2869 | 77.04 | 372
Baler wudulndh | 8.6 1 8.6 1153 | 3096 | 1.50 1.50
9
59U - 1y | 575 771 2,069 | 100.0 100
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1 9 tg' 1
ANNUIDURAY(MI/MUIY)

=) 1
Uszinn ¥ WU
dh eIt Alatad - 42Tuq 3.60
[ (23 a Y A o
Ay MYFITHIIA amditig/gninanila 1055
Mol Tasi@euyian (LPG)
1 kg. = 0.56 Liter flansuy 50.23
ans 26.62
Wemaurad 10U 1NSA A ans 37.78
10Ua1 tnsa C ans 39.77
Huiuaa ans 36.42
F " oa a P - o
DI auiiuan lun flansu 10.47
unay nlansy 14.4
Pudey Alansu 7.53
24 v o
Vanw nlansy 10.88

{ o o ¢ v v W
ﬁll'l . ﬂiuwmmqmﬂmmuuazmgiﬂywmqm, “gmeﬁlau‘,aamﬂywawm W.f.2545,”

ONEISINULNG, 2545, (BAT1UI)

A a 1 ) 4 J a dy a
A1TNN 6 ﬂTfl"lJ‘iiﬂﬂ!ﬂ13ﬂﬁﬂﬂﬂ1%ﬂ1§‘ﬂf)u‘lﬂﬂﬂﬂqcﬁﬂ LEINATUBUALTDLNEAN

Fiadomas USinafamivenlaeenladiivaniaoeMe cO/TI)
v 74.07
NG 70.26
Y 71.64
LPG 63.07
NG 56.10
37 110.07
a'la 110.44
LAV 114.58
Moy 219.12
Tuldth 201.81

7 PIURAINNUNALN LAY S NENAINU, “JIUToYADYTNHNATU W.AH.2545,”

ONEISINILNT, 2545, (BAT1UI)
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a Y @ 1 %) 4 J zﬂy a 1 Y
%']ﬂﬂi3JTﬂlﬂ"licl‘;b'Wﬁ\NTL!LLﬁg’(’J@I5Tﬂ"liﬂaﬂﬂﬁﬂﬂﬂT“ﬁﬂWﬁ‘iJﬂullﬂﬂ@ﬂll“lfﬂ VBDIUYDLINAUUAAS A

AansorSinamsdantdestsaisueulaeen lsa 1d Tas

USuanmsdantdesmanisuoulasen ladainmsldndsau
[ 1 [} 4 d
= gasmitanasemamsueulaoon lsane

Y
nugYeINaINUYay X Usuamsléndanu (1)

fegamsmuramsdanaesmaasueu laeen ladainmsldndaau Iiihvesmsnan

iduleluaeu

mswanduleuasuiins landaau Tuih 1,643,176 kWh
@n51e1UMI IndsnulumsnanmanuIn )

waam IihilannuZeuman 3.6 MJ/kWh
(mﬂmﬁwﬁ 5)

wasnu lihiimstaslassmamsvenlaeenlod 201.81 MgCO,/TJ
(mﬂmﬁwﬁ 6)

4
v v

aatiu imslaatldes co,mnms Igwasau I

1,643,176 kWh x 3.6 MJ/kWh x 201.81 Mg CO,/TJ x 1,000
1,000,000

= 1,193,794 kg CO,/1J

[ L] o 1 () J 4 9 [ 9 g‘
fedramsmuansiaalassmaasvenlasen ladanmsléndsnuanudeusinlei
£ a 9 i’ a 3’ % 9 9 a 9) = 4 091‘
Fanananmsen Tudiomaainisa vdr s lumeanduleTndwames du
a Y Qg}l = I 9/31 % a
mswandu ledu Indaeamesuns i 301,226 a3
(%Wﬂﬁfj}auﬂaﬂ1iw§@ﬂ1ﬂwuaﬂ 9)
Y 1
Wdundaliaanuiou 39.77 MJ/ans
(31AN15197 5)
A 9 =} 9 a a
o Tudgiinnudou 301,226 A5 x 39.77 MJ/ans = 11,979,758 MJ
Y v 9 dy
Tumslswasaruaiuiou 11,979,758 MJ i
9 a g} % & A J ) J J
fwanmiumdsdimitaalaesmamsveulaeenleq 71.61 MgCO,/TI

(1715199 6)
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Auto Loader Bl 0.746 1 0.746 1.00 2.69 0.14

dudesaay | Auto Loader C1 0.746 2 0.746 1.00 2.69 0.14
meruiiia | Auto Loader A2 0.746 2 0.746 1.00 2.69 0.14 1.17

WaIdAN | Auto Loader B2 0.746 2 0.746 1.00 2.69 0.14

Auto Loader C2 0.746 2 0.746 1.00 2.69 0.14

Jet Loader 1.8 1 1.8 2.41 6.48 0.33

Hot Oil 35 1 35 46.92 | 126.00 6.51

Dosing Unit No. Al 0.746 1 0.746 1.00 2.69 0.14

Dosing Unit No. Bl 0.746 1 0.746 1.00 2.69 0.14

Dosing Unit No. C1 0.746 1 0.746 1.00 2.69 0.14

Dosing Unit No. A2 0.746 1 0.746 1.00 2.69 0.14

Dosing Unit No. B2 0.746 1 0.746 1.00 2.69 0.14

Dosing Unit No. C2 0.746 1 0.746 1.00 2.69 0.14

Extruder Al 22.2 1 222 29.76 79.92 4.13

nWaouvad | Extruder Bl 222 1 222 | 2976 | 79.92 4.13
ia Extruder C1 222 1 222 | 2976 | 79.92 4.13 53.14

waaan Extruder A2 22.2 1 222 29.76 79.92 4.13

Extruder B2 222 1 222 | 2976 | 79.92 4.13

Extruder C2 222 1 222 | 2976 | 79.92 4.13

Spinning Pump 1 1.1 1 1.1 1.47 3.96 0.20

Spinning Pump 2 1.1 1 1.1 1.47 3.96 0.20

Spinning Pump 3 1.1 1 1.1 1.47 3.96 0.20

Spinning Pump 4 1.1 1 1.1 1.47 3.96 0.20

Spinning Pump 5 1.1 1 1.1 1.47 3.96 0.20

Spinning Pump 6 1.1 1 1.1 1.47 3.96 0.20
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-, Ysnamsldndan | fesazan
NITUIUNTHAALTU '
YA $ TrlihaedTus uAay
ToTuaou . 5
R fina | uwu ATTUIU
IAT4INTHAD _
(kWh) (HP) ™)) NITHAN
Chiller 1 106.49 1 | 10649 | 142.75 | 38336 19.80
Chiller 2 106.49 1 | 10649 | 142.75 | 38336 19.80
s’fi”ugﬂgﬁ’u Chiller 3 15 1 15 20.11 | 54.00 2.79
Tnu Cooling Tower(Dryer) 1.8 1 1.8 2.41 6.48 0.33
AHU 11 1 11 1475 | 39.60 2.05
Quenching Chamber 0.03 1 0.03 0.04 0.11 0.01
oo Spin Finish Oil Roller 0.5 1 0.5 0.67 1.80 0.09 0.09
AT
daudulvy | Godet 342 1 342 | 4584 | 123.12 6.36 636
Audu'lvy | Texturizer 19.2 1 192 | 2574 | 69.12 3.57 3.57
Ivnén
Winder No.1 1.43 1 1.43 192 | 5.15 0.27
Winder No.2 1.43 1 1.43 192 | 5.15 0.27
Winder No.3 1.43 1 1.43 192 | 5.5 0.27
Winder No.4 1.43 1 1.43 192 | 515 0.27
Winder No.5 1.43 1 1.43 192 | 5.15 0.27
Winder No.6 1.43 1 1.43 192 | 5.15 0.27
i@y | Winder No.7 1.43 1 1.43 192 | 5.15 0.27 3.26
Tviwdhgn | Winder No.8 1.43 1 1.43 192 | 5.15 0.27
Winder No.9 1.43 1 1.43 192 | 5.15 0.27
Winder No.10 1.43 1 1.43 192 | 5.15 0.27
Winder No.11 1.43 1 1.43 192 | 5.15 0.27
Winder No.12 1.43 1 1.43 192 | 5.15 0.27
Conveyor 0.37 1 0.37 0.50 1.33 0.07
59U 9000 | 1a | 538 721 | 1,936 100.00 100
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ATLVIUMINAAIFY Usamsldndanulih | Sesas
loTnaameswsiia | vina | 9 ao% Tug NnuAAL
Process No o o 37U
qu WHA | U | (kWh) | (HP) (M) N3
IA3999NINAN MINAN
Chiller 25 2 50 67.02 180.00 | 8.70
Chip tank 0 1 0 0.00 0.00 0.00
. - Chip Crystalizer 345 |1 345 46.25 124.20 | 6.00
ouiaANadAn 16.34
Dehumidifying Dryer | 3 1 3 4.02 10.80 0.52
Chip Dryer No.1 3.5 1 3.5 4.69 12.60 0.61
ChipDryer No.2 2.9 1 2.9 3.89 1044 | 0.50
. Auto Loader No.1 0.8 1 0.8 1.07 2.88 0.14
dudeaaznay
o - Auto Loader No.2 1.8 1 1.8 2.41 6.48 0.31 0.97
iWianaaan
Auto Loader No.3 3 1 3 4.02 10.80 0.52
Dosing Unit 2 1 2 2.68 7.20 0.35
waoumauia | Extruder 2315 | 1 2315 | 31032 | 833.40 | 40.27
42.26
WaAgan AHU 5 1 5 6.70 18.00 0.87
Spinning Pump 4.4 1 4.4 5.90 15.84 0.77
YugUidu'lvy | Quenching Chamber | 44 | 1 4.4 5.90 1584 | 0.77 0.77
e nd Spin Finish Oil No.1 1.8 1 1.8 2.41 6.48 0.31 0.31
Tvw
Godet No.1 59 1 59 791 21.24 1.03
Godet No.2 9.8 1 9.8 13.14 35.28 1.70
. Water Tank 213 |1 21.3 2855 | 76.68 | 3.71
daudu Ty 1533
Godet No.3 283 |1 28.3 37.94 101.88 | 4.92
Godet No.4 22.3 1 22.3 29.89 80.28 3.88
Conditioning Oven 0.5 1 0.5 0.67 1.80 0.09
NRTGATST R Crimper 178 |1 178 | 2386 | 64.08 | 3.10 3.10
1N
Hot Oil 71 1 71 95.17 255.60 | 12.35
amf’r’u'lwu Spin Finish Oil No.2 2.5 1 2.5 3.35 9.00 0.43 15.14
Crimp set Oven 13.5 1 13.5 18.10 48.60 2.35
dandu vyl Tension Roller 33 1 33 4.42 11.88 | 0.57
4.30
V1A Cutter Drum 21.4 1 214 28.69 77.04 3.72
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ATLVIUMINAAIFY Usamsldndanulih | Sesas
loTnaameswsiia | vina | 9 ao% Tug NnuAAL
Process No o o 37U
du WA | W | (kWh) | (HP) (M) NIV
IA3999NINAN MINAN
<3 Y £
Lﬂﬂlﬁubl‘ﬁll!flﬂ Baler 8.6 1 8.6 11.53 30.96 1.50 1.50
N
32 149 | 575 771 2,069 | 100.0 100
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a Y a Y @ Y
NITUVIUMIHAALTY Usmams ldwasanu Fouaz
loTnaTn'lnduriia | vua o Trihaeda Tua NAUARE
3
817 NNA UM | (kWh) | (HP) (MJ) NITUIU
NT099ATHAN MIKan
Y - Chip Tank 0 1 0 0.00 0.00 0.00
CRIGEMIGE:
B Auto Loader 1 1.5 1 1.5 2.01 5.40 0.32
wauia 0.96
- Auto Loader 2 15 1 1.5 2.01 5.40 0.32
waaan
Auto Loader 3 1.5 1 1.5 2.01 5.40 0.32
Hot Oil 29.5 1 29.5 39.54 106.20 | 6.27
Dosing Unit No. 1 0.7 1 0.7 0.94 2.52 0.15
Dosing Unit No. 2 0.7 1 0.7 0.94 2.52 0.15
Dosing Unit No. 3 0.7 1 0.7 0.94 2.52 0.15
Extruder No. 1 64.6 1 64.6 86.60 232.56 | 13.73
1aeunad | Extruder No. 2 64.6 1 64.6 86.60 | 232.56 | 13.73
iin Extruder No. 3 64.6 1 64.6 86.60 | 232.56 | 13.73 50.73
Wa@@n | Spinning Pump 1 22 1 22 2.95 7.92 0.47
Spinning Pump 2 2.2 1 2.2 2.95 7.92 0.47
Spinning Pump 3 2.2 1 2.2 2.95 7.92 0.47
Spinning Pump 4 2.2 1 2.2 2.95 7.92 0.47
Spinning Pump 5 22 1 2.2 2.95 7.92 0.47
Spinning Pump 6 2.2 1 2.2 2.95 7.92 0.47
Chiller 1 47 1 47 63.00 | 169.20 | 9.99
Yugihdu | Chiller 2 47 1 47 63.00 | 169.20 | 9.99
22.32
Ty AHU 11 1 11 14.75 39.6 2.34
Quenching Chamber 0 1 0 0.00 0.00 0.00
1AAoVe1 | Spin Finish Oil Roller 0.7 2 1.4 1.88 5.04 0.30 0.30
du v
taudulvy | Godet 76.4 1 76.4 102.41 | 275.04 | 16.24 16.24
ﬁn’g’fu'lwu Texturizer 16.94 1 16.94 22.71 60.98 3.60 3.60
I¥nén
v s Winder No.1 25 1 25 3.35 9.00 0.53
WU
v Winder No.2 2.5 1 2.5 3.35 9.00 0.53 5.85
Tiudhgn
Winder No.3 2.5 1 2.5 3.35 9.00 0.53
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ATTUIUMITHAAIAY YTnams lgndanu fovaz
ToTwalnlnduria | vuia $ Tlihaedalua NAUARE
812 wia | uwau N5LUIU o
1nS0ednsuan (KWh | (HP) ) (M) MINAR
Winder No.4 2.5 1 2.5 3.35 9.00 0.53
Winder No.5 2.5 1 25 335 900 |053
Winder No.6 2.5 1 25 335 900 | 053
Winder No.7 2.5 1 2.5 3.35 9.00 0.53
Winder No.8 2.5 1 2.5 3.35 9.00 0.53
Winder No.10 2.5 1 2.5 335 900 |053
Winder No.11 2.5 1 2.5 335 | 9.00 | 053
Winder No.12 2.5 1 2.5 3.35 9.00 0.53
73U 191 1 %@ 470 630 1,693 100.0 100
kg/hr
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NIZUIUMIHAN Ysmamsldwasanu $ouny
@Wule  Tnaln'lw m:ll:ﬂ f1 | dhaedaTug NNuAag
N .2 e 39U
auTHATY UM | (kWh) | (HP) | (MJ) NITVIU
n3oednIndn kW MIHan
RIGRNIGE Chip Tank 0 1 0 0.00 0 0.00
Wﬁmﬁﬂ Auto Loader 0.33 1 0.33 0.44 1.18 0.05 0.05
waean
Hot Oil No. 72.5 1 72.5 97.18 | 261.0 10.14
Hot Oil No.2 64 1 64 85.79 | 230.4 8.95
Dosing Unit 0.11 1 0.11 0.15 0.39 0.02
Extruder 278.9 1 278.9 373.86 | 1004 38.99
Fan Bank No.1 6 1 6 8.04 21.6 0.84
Fan Bank No.2 6 1 6 8.04 21.6 0.84
Fan Bank No.3 6 1 6 8.04 21.6 0.84
Haguivad Fan Bank No.4 6 1 6 8.04 21.6 0.84
< - 64.08
WANAITAN | Spinning Pump 4.7 1 4.7 6.30 16.92 0.66
Bank 1
Spinning Pump 4.7 1 4.7 6.30 16.92 0.66
Bank 2
Spinning Pump 4.7 1 4.7 6.30 16.92 0.66
Bank 3
Spinning Pump 4.7 1 4.7 6.30 16.92 0.66
Bank 4
Chiller 27 1 27 36.19 | 97.2 3.77
QuenchingChamber | 0 1 0 0.00 0 0.00
Bank No.1
ﬁugﬂtﬁuvlwu QuenchingChamber | 0 1 0 0.00 0 0.00 3.7
Bank No.2
QuenchingChamber | 0 1 0 0.00 0 0.00
Bank No.3
Lﬂaﬂui’am QuenchingChamber | 0 1 0 0.00 0 0.00 0.00
v Bank No.4
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a Y a E) [ 9
NITUIUNTNANLTY ﬂﬁJ"Iﬂ!ﬂTii“]fWﬂ\NTu 300
VYUIA '
o Tnaln'lwduwiia | __ $ TihaedaTus NnuAag
P Wna ER}Y
U W | (kWh) | (HP) | (MD) STV
. kW
INT049NTHAD MIHAR
Sizer Roller Bank no.1 | 3.5 1 3.5 4.69 12.6 0.49
Sizer Roller Bank no.2 | 0 1 0 0.00 0 0.00
Sizer Roller Bank no.3 | 0 1 0 0.00 0 0.00
Sizer Roller Bank no.4 | 0 1 0 0.00 0 0.00
Division Roller 5 1 5 6.70 18 0.70
“ Bank no.1
daudu v 1.19
Division Roller 0 1 0 0.00 0 0.00
Bank no.2
Division Roller 0 1 0 0.00 0 0.00
Bank no.3
Division Roller 0 1 0 0.00 0 0.00
Bank no.4
Godet A 13 1 13 17.43 46.8 1.82
Godet B 455 1 455 60.99 163.8 6.36
a Relaxing Oven No.1 12 1 12 13.09 43.2 1.68
taudu Tny 21.49
Godet No.2 33.2 1 33.2 44.50 119.52 | 4.64
Relaxing Oven No.2 12 1 12 16.09 43.2 1.68
Godet No.3 38 1 38 50.94 136.8 5.31
Auduluuld | Crimper 39.8 1 39.8 5335 | 14328 | 5.56 5.56
1ein
o Y Y .
dauduluul¥ | Dancing Roller 0 1 0 000 |0 0.00
2.38
V1A Cutter Drum 17 1 17 22.79 61.2 2.38
mudulvy | Baler 106 |1 106 | 1421 |[38.16 | 148 1.48
v
1199
U 354 1 %9 715.2 958.8 2,575 100.0 100

kg/hr
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noufuauiu Barrel Extruder Line 8C

14 1da19gamngiinn 100 - 1,000 oesunaiu

_ 2727-0"(-'-5 _Ta)
=0 as
1
h'[
tou 1, = SaNmeuenie 2.95 inch  0.0749 m.
f L = ANVYNIVDIND 122.047  inch  3.1000 m.
T, = qungiivesiiveman 230 °c 503.15 K
T, = QUHYNVITOINA 35 °c 30815 K
T, = QunQimdesznindmionasusseIma 1325 °C 40565 K
Kk —
h, =—Nub
D
k = mdulszansmaihanuiouvesemed T, 0.034191 W/mK
3
_ gﬂ(Ts _Ta)D
Rap, =———"2—
av
1 Pgangl Tave 0.002465 K'
A1 viguvgil Tavg 0.000027073 m’/s
AlaNgugi Tave. 0.000039241 m’/s
g = masiusalfuaaveslan 9.81 m/s’
D = ifurgudnalivesvio 0.1498 m.
Ra,, 2 14,920,367.94
1
— 0.387Raye
Nup =<0.6+ E 10°<RaD<10"
]
0.559 16
1+
Pr
A1 Pr NQHQ Tave. 0.690
Nu,, 31.6934
h, , 7.2338 W/m’K
h =eo(T +T,)T,+T),)
€ = dulsgdAnimsudsedanuiouvesianio 0.8
12.8109 W/m’K



h, 20.0447
q 1839.48
Q, 5,702

Tihagadenounmsisvldie 570

waanyuauaulenda Barrel Extruder Line 8C

27[r0L(1- s Ta )

2

r, In fo

LA L
K, h,
tou . = $aiineuoniio 295  inch  0.0749
i X = doams ldnuuloudavun 2 inch  0.0508
T, — Seimevenieiifunuiund 0.1257
L =ANVYIIVDIND 1.3000
k, = anmmsthanudouvesnuiuleuin 0.1
T, = QUHYNUBININD 230 °C 503.15
T,. =gunglvesdinuiu (Iagnisnaaoguai) 6050 °C  333.65
T, = QUNYIUITENIA 35 °C 308.15
T, = qmwgﬁmﬁlﬂiw’iwﬁwiauazmsmmﬁ 4775 °C 3209
T gaugiiimuau ainmsfmuae ifleasaey  60.5  °C 333.65
h, = %_uD

k - thidulszAnsnnhanmdeuveseniai 0.027863

Tavg

R _ gﬂ(Ts _Ta)D3
° av

o B fguingii T, 0.003116

M n fiqungfi T, 0.000017945

1 a figaingd T, 0.000025500
g — masfuseTdugaeveslan 9.81
D = ifurgudnalaveiie 0.2514
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W/m

kW

141 A99gmunigiig 100 - 1,000 pasuAAIY

W/mK

~

7~

~

W/mK

2
m/s



9,
Q,

=&0

Nup =

0.6+

1
0.387Rays

CATHT +T,)

1+

a

0.559
Pr

9
)16

= fulszansmIursadnnuieuvesdine

TihngapdendemsiSuilge

TihingapdeneunsiSuilgs

Iyihiana

¥ lananaiu

PIUINTUNERA

Trihhanasdenies

1UUAT099nI

fAnanadi 55% V8INISAIUIN

v 2
Thnanasiavua

'l
Ivihinanaq
RUAINU

FTezNAIAUNY

27,065,671.96

10-
5<RaD<1012

0.704
37.9858
421

0.8
6.0052
10.2152
205.7
267.41
0.27

5.70

5.43

24

188
24,522.62

6

75%
110,568
2.70
298,533
120,000

0.40
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dauluaouiiu delinmshinauns lada luduiunsvatedn ua gne dnds
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vaa Y A o 9 (= ng a 1 ng; Yy I
auauianlndifesnums e luaoulvd Tedsauyagiuiluasuiuaunsoldiag
a <3 as/'
Tmaa'ld 35% voamsldia luasunavua
Y z o = c?;’ [ a d' 1 =S =) =S 4
auiumsfIuIndsaseguuauyagIund IndInlndu uazIndomnes

150195 laaa'ld 100% waz luasuanialss luaa'ld 35%

o Y Aa
mamuIums 143 lanann luasu
=1 1 [ o d 1
Tuseuiimsilaatdesmamsuonlaoon loasoniiis 5460888471 Kg,CO,/Kg
< [
Heaaldiia luasulni 611,032 kg/i
(31PA15197 )
a < g o < a 1 3 ] o
winl43 lmaa 35% voudaluasulnifeziin 1y dianaradnwaiil ludesiinms

[ . ¥ 3 o 1 (%] 4
Fuaszvaunimldaamslasemsasueulaeen lesa la

35 ~
= — x 611,032 Kg/il x 5.4608888471 KgCO,/Kg
100

1,199,801 KgCO,Al

Y

MIfams 145 knaann Ina In'lwaulumsnaadulodu
TnaTnIwduinmsdanaesmasasuenlasen leareniioe 1.670021051 Kg,CO,/Kg
N3 laiiadunsizd vy 575,062 +39,539 = 614,601 Kg

Yy a3 a 1 dyd ' ) 4 4

M3 lddanaadnmariiimstdanlaesmaasuou laoon lsaoonin

= 1.670021051 x 614,601 = 1,026,396 KgCO, /1]

Y
winldidas lsaa a2 ludesndaiiadunsizv lvimart fag'liinanislantdeenia
4 ARl = 1 [ 4 9 ¥

msveu laeen lvaguisena Jsenusnanmstaniassmamsveu lasonloa Ia

= 100% x 1,026,396 KgCO,/l

1,026,396 KgCO,/Al

mymuuns e s lmaannIndeamnesledu
Twaeamesiimslaatlassmaaiuoulasen ladnoniae 2.922670465 KgCO/Kg
mslddadansiz vy 299,379 + 8,524 = 307,903 Kg
Y] a 1 dyd 1 (4 4 o
mslsanaradnmvaiiiinsdassmaaisveu lason lsdoonin

= 2.922670465 Kg.CO,/1) x 307,903 Kg = 899,899 KgCO,/1
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9

minldidias lmaase i v lidesdunsizinaradnmartilni Az luinanisldesnis
mivoulasenledgussema S1uu

= 100% x 899,899 KgCO,/l
899,899 KgCO,/l

M5 193 lmdAaain Tnd In'lwauduloon
Twa Tn'lwduiinsaatdesmamsvoulaven laaaeniiie 1.670021051 Kg.CO,/Kg
umslfdadunsiz 740,730 + 22,735 + 1,446 =764,917 Kg
mslfisianaadnmariiimsdaesismivenlasenlsdoonin

- 1670021051 Kg.CO,/Kg x 764,917 Kg

= 1,277,427 KgCO,/l
winldiiiad lanAaz i1l ideadunsizrinaradnmariing foliidamsddesine
miuoulavonledgussoma s1un

= 100% x 1,277,427 KgCO, /il

= 1,277,427 KgCO,Al
ﬁqfu'ﬁqmmmazﬂﬁ’ﬂﬂmwﬂﬁﬁqﬁ

3199 27 agdnoamlumsaamistlaatlaesmanseu lasen ladnnns 143 lada

- msdamlaseco, | | Y mstanaoy
wilardule . _ . | dedumslaie P )
5 , nanaraanlny o n - co, Nanas’lda
AUATIEH . waean 5 lmiaa .
KgCO,/) KgCO,/
Tuasu 3,428,002 35% 1,199,801
TwaTn'lwauledu 1,026,396 100% 1,026,396
Indeameslodu 899.899 100% 899,899
TwaTu'lwauleen 1,277,427 100% 1277427
59U 6,631,724 4,403,523
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M131399 28 Uszmalumanuani 1 aweydyan 4 My Indagniulunsaisnedla

Uszmalumaruandi 1 M3 Idaentiu
AMNOYTYY Tunsenanenla

1. 0OAIATIAY : 1NT03900MATIAY (Australia : Commonwealth of 3/12/2550
Australia)
2. 001IA3Y : AH1TIUITFOALATY (Austria : Republic of Austria) 31/5/2545
3. 1uage : mﬁﬁm%’gmm;ﬁ* (Belarus : Republic of Belarus*) 26/8/2548
4. mm’?}ﬂu : iwmmﬁﬂima@au (Belgium : Kingdom of Belgium) 31/5/2545
5. Taunise : 513U gialnFe* (Bulgaria : Republic of Bulgaria*) 15/8/2545
6. LlAUIA1 (Canada) 17/12/2545
7. Tn3101%8 : 9151355 1A3101B8* (Croatia : Republic of Croatia*) 30/5/2550
8. 155 719n* (Czech Republic*) 15/11/2544
9. 1AM : TFOVNTATIAUING D (Denmark : Kingdom of Denmark) | 31/5/2545
10. e Tauile : 513U goa laitle* (Estonia : Republic of Estonia*) | 14/10/2545
11. ﬂﬁz%mmﬁiygﬁﬂqiiﬂ (European Economic Community) 31/5/2545
12. Wunaud : a1515u55MUIaus (Finland : Republic of Finland) 31/5/2545
13. N%ﬂlﬁﬁ : mmsmﬁﬁ?&ma (France : French Republic) 31/5/2545
14. 1w 31# : aNWUT 151505 71005391 (Germany : Federal Republic of | 31/5/2545
Germany)
15. N30 : mmsm%gl,amaﬁﬂ (Greece : Hellenic Republic) 31/5/2545
16. 894073 : ﬁTﬁﬁmi@ gania* (Hungary : Republic of Hungary*) 21/8/2545
17. lodfuaug: ensrsusy lodfuaud (Iceland : Republic of Iceland) 23/5/2545
18. los1aud (ireland) 31/5/2545
19. 9914 : EF13UTF0AA (Italy : Republic of Italy) 31/5/2545
20. fj1]1 (Japan) 4/6/2545
21. a8 : ﬁTﬁ”limi S Yelk (Latvia : Republic of Latvia*) 5/7/2545
22. anaua’lad ; sw%’@;aﬂmuﬁ%ﬁ (Liechtenstein : Principality of 3/12/2547
Liechtenstein)
23. Aty : @151593§aN e (Lithuania : Republic of Lithuania) 3/1/2546
24. dnundisn : 315 ganniisn (Luxembourg ) 31/5/2545




A13199 28 (719)

124

Usgmalumanuandi 1 ms Ividaeniu
AMNOYFYY Tusenanela
25. Tuanln S1“B§'J§13Juﬂﬂ (Monaco : Principality of Monaco) 27/5/2549
26, IUITOSHAUA : 315 1INTUITOTUAUS (Netherlands : Kingdom of | 31/5/2545
the Netherlands)
27. h%uaud (New Zealand) 19/12/2545
28. WBS1IY : I1BRIATNIUBSING (Norway : Kingdom of Norway) 30/5/2545
29. Toluaud : 51555 11uaud* (Poland : Republic of Poland*) 13/12/2545
30. Tilseuna : 15150155 1)sena (Portugal : Republic of Portugal) 31/5/2545
31. Tsuuile (Romania)* 19/3/2545
32. S : ANNUD wﬂ%ﬁ@ﬂ* (Russia : Russian Federation*) 18/11/2547
33. o laauie : a5 smiga ladn* (Slovakia : Republic of Slovak*) 31/5/2545
34, o ladiile - ens133ga ladiile* (Slovenia : Republic of Slovenia*) | 2/8/2545
35. audu : s vorandnsenu (Spain : Kingdom of Spain) 31/5/2545
36. @AY : 10 1UIVNTANAY (Sweden : Kingdom of Sweden) 31/5/2545
37. aEsesuAuA | ANWUBS AT (Switzerland : Swiss 9/7/2546
Confederation)
38. ii]'iﬁ : (Turkey : Republic of Turkey) a1 daauulu

Aad o/
NG N ERYGEAIN

T8 1A daeniv
39. 913U (Ukraine) 12/4/2547
40. EM1¥01905 : answeransnsusimulua) uaglosuaudmile | 31/5/2545
(United Kingdom : United Kingdom of Great Britain and Northern
Ireland)
41. 413301301 (United States of America) avuulunsens

udn uadalu'ld

T daeaiu
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Uszimalumanuini ms Ivdnentu
AMNOYTYY luisenanedla

1. 0OAIATIAY : 1NT03900MATIAY (Australia : Commonwealth of 3/12/2550
Australia)
2. 001IA3Y : AH1TIUITFOALATY (Austria : Republic of Austria) 31/5/2545
3. L‘]Jm?]ﬁlll : ﬂwmﬁﬂimaﬁau (Belgium : Kingdom of Belgium) 31/5/2545
4. 11AU1IA1 (Canada) 17/12/2545
5. mum{ﬂ : 31%@1m1%ﬂilﬂum§ﬂ (Denmark : Kingdom of Denmark) 31/5/2545
6. ﬂszmﬂmﬂwgﬁ%qiiﬂ (European Economic Community) 31/5/2545
7. Wuaus : a1515a53WUIaUS (Finland : Republic of Finland) 31/5/2545
8. N%ﬂlﬁﬁ : ﬁTﬁﬁm%ﬁN%ﬂLﬁﬁ (France : French Republic) 31/5/2545
9. 105U : ANWUTa15150571005U1l (Germany : Federal Republic of | 31/5/2545
Germany)
10. N3 : @FITU3FLdaIaiin (Greece : Hellenic Republic) 31/5/2545
11. lodfuaud: a151555 lodaud (Iceland : Republic of Iceland) 23/5/2545
12. loSuaud (ireland) 31/5/2545
13. 9914 : eN515U5TF0A1A (Italy : Republic of Italy) 31/5/2545
14. ilj‘]!u (Japan) 4/6/2545
15. dnadisn : 313 yanandsn (Luxembourg : Grand Duchy of 31/5/2545
Luxembourg)
16. 1UITOTUAUS : T1¥D1UINTITOTLAUS (Netherlands : Kingdom of | 31/5/2545
the Netherlands)
17. 17%uaud (New Zealand) 19/12/2545
18. 48518 : 1o 1MIINTUBT NG (Norway : Kingdom of Norway) 30/5/2545
19. Talsepnar : 13y Tseuna (Portugal : Republic of Portugal) 31/5/2545
20. adu : 1010019051 U (Spain : Kingdom of Spain) 31/5/2545
21, gAY : 51¥0119NTAAU(Sweden : Kingdom of Sweden) 31/5/2545
22. Adawesuaus : auiusS§aId (Switzerland : Swiss 9/7/2546

Confederation)
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23. AW51¥011905 : anTreraninsusimulvg uaylesuaudmile | 31/5/2545
(United Kingdom : United Kingdom of Great Britain and Northern

Ireland)

24. 4133014301 (United States of America) asumlunsans

udauada 117
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